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SUMMARY 

The primary objective of t h i s  program i s  t o  invest igate  the 
u s e  of the auxi l iary electrodes i n  primary and secondary 
silver-zinc c e l l s  and t o  modify commercially available s i lver -  
zinc cells by addition of auxiliary electrodes for  t e s t ing  by 
NASA-Goddard. Additional work areas include the continuation 
and completion of tes t ing  of auxi l iary electrode silver-cadmium 
c e l l s  remaining from Contract NAS 5-2817 and the investigation 
of electrochemical techniques fo r  recombination of hydrogen 
evolved from primary silver-zinc c e l l s  used  i n  satel l i te  power 
supply systems. These tasks  a re  itemized on T a b l e  I. 

Project work for  this quarter included the continued t e s t ing  
of several  types of auxiliary electrodes for  oxygen recombination; 
t e s t i n g  of auxiliary electrode containing platinum m e t a l  c a t a lys t s  
for  hydrogen recombination; tes t ing  the auxi l iary electrodes for  
their discharge charac te r i s t ics  against  the c e l l  electrodes; 
construction of a n u d e r  of silver-cadmium c e l l s  w i t h  conventional 
auxi l iary electrodes: r tes t ing  of silver-cadmium c e l l s  containing 
auxi l iary electrodes on continuous discharge; placing s i x  of 
these before mentioned cells on a cycle test; and constructing 
several  hydrogen combination c e l l s  fo r  u s e  i n  removing hydrogen 
from enclosed spaces. 

The  silver-cadmium c e l l s  on continuous overcharge showed a 
small i n i t i a l  rfse i n  pressure which has been followed by a 
decrease i n  pressure to  an e q u i l i b r i u m  value- These c e l l s  are 
on continuous charge and w i l l  be checked for  charge content 
p r io r  t o  termination of the contract. Since the auxi l iary 
electrode i s  not connected, it seems that  the c a t a l y t i c  e f f e c t  
of the electrode i s  enough t o  prevent pressure rise. 

A new group of silver-cadmium c e l l s  containing auxi l iary 
electrodes w e r e  placed on cycling tests. A t  the beginning 
of t h i s  t e s t ,  the cycling equipment f a i l ed  and the c e l l s  w e r e  
discharged without charging, and gassing occurred. The equip- 
ment has been repaired and a f t e r  the cycling fo r  a month, the 
capacity of these c e l l s  w i l l  be determined- Following t h i s ,  
the auxi l iary electrodes w i l l  be connected and the charging 
continued u n t i l  the  end of t h e  contract .  A t  that  t i m e  the 
capacity of the c e l l s  w i l l  again be determined. 

The test  r e s u l t s  on the use of water-proofed, silver-powder, 
auxi l iary electrodes for  oxygen recombination show t h a t  these 
electrodes are s u i t a b l e  for  u s e  i n  si lver-zinc c e l l s .  However, 
these electrodes have t o  be u s e d  a t  a lower curkent density 
than the conventional s i l v e r  electrodes containing platinum 
m e t a l  ca ta lys t s .  An effect ive auxi l ia ry  electrode was made 
from s i l v e r  powder corribined w i t h  a spinel  s t r u c t u r e  cobal t  
aluminate . 
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8 S t u d i e s  showed t h a t  the s i lver  spinel auxi l iary electrode 
would self-discharge the zinc electrode d i r ec t ly  t o  it. 
i f  the electrode i s  connected through a diode, a method patented 
by Ruetschi, these electrodes w i l l  pass current only i n  the 
presence of oxygen. 

However, 

T e s t  runs on auxi l iary electrodes for hydrogen recombination 
w e r e  inconclusive because of d i f f i c u l t i e s  i n  obtaining electrodes 
with s u i t a b l e  ca t a ly t i c  act ivi ty .  

Seven hydrogen combination c e l l s  of two designs w e r e  con- 
s t ructed and tested.  The cathode material w a s  cupric oxide i n  
both designs. The anode was either a conventional porous gas 
diffusion type electrode containing platinum o r  a so l id  
palladium-silver a l loy f o i l .  For the present application the 
porous gas diffusion electrode i s  preferred because of i t s  
higher current capabili ty.  

- 2 -  
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TABLE I 

Program Tasks 

Task I - Silver-Cadmium C e l l s  

A. 

B. 

The 5.0 amp-hr test cells from the previous contract  
(or  new ones) w i t h  auxiliary electrodes w i l l  continue 
t o  be cycled a t  room temperature w i t h  periodic monitoring 
af c e l l  capacity and continuous monitoring of ce l l  
pressure. 
Five 5.0 amp-hr test c e l l s  from the  previous contract  
w i t h  auxi l iary electrodes w i l l  be continuously charged 
a t  an average potent ia l  of 1 .52  vo l t s /ce l l ,  the c e l l  
pressure and voltage being monitored. 

A. 

B. 

C. 

D. 

Task I1 - Silver-Zinc C e l l s  

Perform s t u d i e s  on the use of auxi l ia ryaec t rodes  for  
recombination of hydrogen and oxygen as a function of 
operating parameters t o  obtain design data t o  modify 
commercial silver-zinc c e l l s  of 3.0 amp-hr capacity. 

Study the effect of auxiliary electrode materials on 
the self-discharge of t h e  zinc electrode i n  both the 
e l e c t r i c a l l y  coupled and uncoupled condition. 
Study recombination of hydrogen dur ing  charge, stand, 
and discharge by an auxiliary electrode connected t o  the 
posi t ive c e l l  electrode. 
Study the recombination of oxygen during charge and 
stand on an auxiliary electrode when connected t o  the 
negative c e l l  electrode. 
Study the effect of s i lver  and zincate dons on the 
hydrogen and oxygen recombination by auxi l iary electrodes. 

Task I11 - Modification of Silver-Zinc C e l l s  

Incorporate auxi l iary electrodes in to  f i f t y  3 .O amp-hr 
commercially available silver-zinc cells. 

Task IV - Hydroqen Combination C e l l  

Investigate the f e a s i b i l i t y  of electrochemical recombination 
of hydrogen evolved from silver-zinc satel l i te  power supply 
systems. C e l l s  employing Ago and CuO w i l l  be investigated 
i n i t i a l l y .  
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1 . 0 INTRODUCTION 

This report  covers the  work done during the t h i r d  quarter 
of a twelve-month program t o  invest igate  the u s e  of auxi l iary 
electrodes i n  silver-zinc ce l l s .  Two additional work areas 
are the continuation and completion of cycl ic  test of s i l ve r -  
cadmium cells with auxiliary electrodes from a previous 
contract  (NAS 5-2817) and the investigation of the f e a s i b i l i t y  
of combining hydrogen evolved from a silver-zinc s a t e l l i t e  
power supply system by means of an electrochemical c e l l .  

O f  primary concern, i n  the application of auxi l iary electrodes 
t o  si lver-zinc c e l l s ,  i s  poisoning the zinc electrode with 
platinum from the auxi l iary electrode which catalyzes the self- 
discharge reaction of the zinc electrode: 

Zn + 2 KOH --7 K2Zn02 + H2 

It i s  believed t h a t  the danger of platinum migration t o  the 
zinc electrode i s  s m a l l  since, 1) the  binder of the electrode 
has been very e f fec t ive  i n  holding the ca t a lys t  i n  place and 
has shown no deterioration i n  electrodes used for  10-14 months: 
2) the  platinum i s  i n  a highly insoluble form and has shown no 
tendency t o  go i n t o  solution when the  electrode i s  used a t  
current densi t ies  below 50 ma/cm2: 3) the  b a r r i e r s  used i n  
s i l v e r  c e l l s  for  blocking s i lve r  migration are  equally e f fec t ive  
for  platinum, since platinum compounds are more eas i ly  reduced 
o r  absorbed than s i lver .  

Although the auxi l iary electrode has been used primarily as 
an oxygen electrode i n  silver-cadmium applications,  there i s  
no basic  reason for  an auxiliary electrode being operated only 
as an oxygen electrode. I t  can also be operated as a hydrogen 
electrode. For u s e  as a hydrogen electrode, the auxi l iary 
electrode would be connected to  the posi t ive ( s i l v e r  oxide) 
electrode i n  u s e ,  the  recombination reactions being: 

H2 + 20" + 2 H20 + 2 e 

Ag20 + H20 + 2 e .->2 Ag + 2 OH- 

With t h i s  type of auxi l iarydectrode operation, the c e l l  
should be designed t o  be negative p l a t e  l imit ing,  so t h a t  
hydrogen i s  preferen t ia l ly  evolved on charging. The u s e  of 
a hydrogen recombination system i s  desirable for  si lver-zinc 
c e l l s ,  since there i s  an evolution of hydrogen during the 
c e l l  stand and discharge tha t  leads t o  pressure build-up i n  
many applications. 

- 4 -  



8 The u s e  of two auxi l iary electrodes -- one for  oxygen 
recombination which i s  attached t o  the negative electrode, 
and one fo r  the recombination of hydrogen which i s  attached t o  
the  posi t ive electrode -- i s  possible. The pr incipal  advantage 
of t h i s  dual system i s  t h a t  gassing of e i t h e r  hydrogen o r  
oxygen would be taken care of. 
containing ca ta lys t  for  the  oxygen electrode i s  not needed thus 
removing the poss ib i l i t y  of zinc electrode degradation by 
coupling through the external c i r c u i t  . This non-platinum type 
of electrode w a s  o r ig ina l ly  proposed fo r  u s e  i n  silver-cadmium 
cells, b u t  was abandoned i n  favor of the currently used one 
w h i c h  can recombine s m a l l  amounts of hydrogen d i rec t ly ,  since 
t h i s  property was u s e f u l  and presented no problems i n  u s e  i n  
silver-cadmium ce l l s .  

Also,  the  u s e  of a platinum 

Another potent ia l  problem area i s  the possible poisoning of 
the auxi l iary electrodes by i rkract ions with both s i l v e r  and 
zincate ions present i n  the e lec t ro ly te  phase of these c e l l s .  
A t  present,  there i s  no evidence t h a t  e i the r  w i l l  degrade the 
electrode for  oxygen o r  hydrogen recombination. This aspect, 
howeve& i s  being investigated. 

An out l ine  of the program work content by tasks is  given i n  
T a b l e  I. 

- 5 -  



2.0 WORK ACCOMPLISHED 

The  work during the t h i r d  quarter was largely concerned w i t h  
carrying out  the i n i t i a l  parts of the work program established. 
The accomplishments of the quarter a re  discussed by tasks i n  
the following sections. 

2.1 Silver-Cadmium C e l l s  

The two types of tests were performed w i t h  silver-cadmium 
cells. C e l l s  w e r e  run a t  continuous overcharge t o  determine 
t h a t  i f  hydrogen i s  generated i n  this mode of operation, it 
w i l l  c a t a ly t i ca l ly  recombine w i t h  oxygen. O t h e r  silver-cadmium 
cel ls  w e r e  continuously cycled t o  determine the influence of 
t h i s  type of operation on performance. 

2.1.1 Continuous Charqe 

The purpose of th i s  test i s  t o  determine the behavior of 
the c e l l s  on continuous overcharge such as  would be experienced 
on satellites i n  a polar orbi t .  For the irritial p a r t  of the 
experiment, the  auxi l iary electrode i s  not connected w i t h  
either electrode i n  the ce l l :  t h i s  i s  t o  tes t  the hypothesis 
t h a t  only a gas recombination ca t a lys t  i s  needed for  ce l l  
operation under constant voltage charging t o  prevent excessive 
buildup of gas pressure o r  l o s s  of c e l l  balance. 

T a b l e  I1 shows the r e s u l t s  of the overcharging tests 
(including the first two weeks tha t  w e r e  reported i n  the second 
quarter ly  report) .  The voltage of the auxi l iary electrode i s  
also monitored dai ly ,  since the s ign  and the magnitude of the 
poten t ia l  i s  an indication whether excess oxygen o r  hydrogen is  
present. A s  of Noveniber 1, only oxygen was indicated i n  the 
test ce l l s .  The continuous charging t e s t s  w i l l  be interrupted 
i n  January t o  allow checking of the capacity of the  test ce l l s .  

In  the first month, the pressure i n  a l l  the c e l l s  or ig ina l ly  
increased t o  a maximum up t o  26 p s i  i n  one of the c e l l s .  A f t e r  
a t ta in ing  a maximum pressure, the c e l l  pressures decreased 
slowly w i t h  a minimum, a l l  the cells current ly  operating a t  a 
pressure less than atmospheric. 

2.1.2 Cyclinq Tests 

New t e s t  c e l l s  were fabricated from Yardney YS-5 electrode 
packs consisting of four s i l ve r  and f ive  cadmium electrodes and 
the or ig ina l  separators. The auxi l iary electrode was of the 
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C e l l  # 

Day 
7/20 
7/21 
7/22 
7/2 3 
7/24 
7/27 
7/28 
7/29 
7/30 
7/31 

8/3 
8/7 
8/13 
8/19 

8/2 5 

9/3 
- 9/10 

9/16 
' 9/22 

9/28 
10/2 
10/8 
10/14 
10/20 
10/26 
10/30 

061501 

30 in.  
30 in .  
2 5  in .  

5 in.  
3 psi  

8 p s i  
9 p s i  

11 ps i  
1 2  psi  
13 p s i  

14 ps i  
17  p s i  
18 p s i  
15  p s i  
10 psi 
1 p s i  
7 in .  

16 in. 
2 1  in.  
22 in.  
22 in.  
20 in.  
19  i n ,  
18 in ,  
16 in. 
16 in. 

TABLE f I a  

Continuous Charge (1) C e l l  D a t a  

061502 

30 in.  
30 i n ,  
28 in.  
26 in. 
25 in .  
18 in .  
1 2  in .  

3 in.  
2 p s i  
3 p s i  

4 p s i  
8 p s i  
9 p s i  
8 p s i  
4 p s i  
5 in .  

11 in.  
17 in .  
20 i n ,  
2 1  i n ,  
2 1  in .  
22 in .  
20 in .  
20 i n ,  
20 in .  
20 in .  

061503 061504 

Pressure (2)  

25  i n ,  
15 in. 
5 p s i  

12 ps i  
9 p s i  
6 p s i  
8 p s i  
5 ps i  
4 p s i  
2 p s i  

3 p s i  
3 p s i  
2 p s i  
2 p s i  
0 p s i  
6 i n .  

1 2  in.  
1 3  in. 
1 2  i n .  
1 2  i n .  
8 in.  
8 in.  
5 i n .  
5 in.  
5 in.  
5 i n .  

18 in.  
5 in.  
5 in.  
5 in.  
5 in .  
1 p s i  
2 p s i  
0 p s i  
2 '  ps i  
1 p s i  

0 p s i  
1 p s i  
1 p s i  
1 p s i  
0 p s i  
4 in.  
4 in .  
4 in .  
3 in .  
3 in .  
2 in .  
2 in .  
1 in .  
1 in .  
0 i n ,  
0 in .  

061505 

4 p s i  
10 p s i  
20 psi 
23 p s i  
23 psi 
1 7  p s i  
15 p s i  
14 p s i  
14 p s i  
1 2  p s i  

8 p s i  
7 p s i  
5 p s i  
2 p s i  
0 p s i  
8 i n ,  
9 in .  
9 in .  
7 in. 
5 in .  
3 in .  
1 in.  
0 i n ,  
0 in .  
0 in .  
0 i n .  

061506 

30 i n ,  
23 in .  
20 in.  
15 in .  
1 2  i n ,  

7 i n ,  
5 in .  
5 in .  
4 in .  
0 in .  

4 p s i  
6 p s i  
5 p s i  
3 p s i  
2 p s i  
4 in .  
5 in .  
4 i n .  
0 in.  
0 in.  
0 in .  
0 in .  
0 in.  
0 in.  
0 i n ,  
0 in .  

(1) Constant voltage, 9.12 + 0.06 vol ts  on ba t te ry  (1.52 & 0.01 vo l t / ce l l  ~ 

avg). Started 8 a.m. 7/20/64, readings taken a t  4 p.m. each day. 

(2 )  P r e s s u r e  i n  inches of vacuum or p a g e  PSI.  I 
I 
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C e l l  # 

Day 
7/20 
7/21 
7/22 
7/23 
7/24 

7/27 
7/28 
7/29 

7/31 
7/30 

8/3 
8/7 
8/13 

* 8/19 
8/25 

8 ,  9/3 
9/10 
9/16 
9/22 
9/28 
10/2 
10/8 
10/14 
10/20 
10/26 
10/30 

061501 

1.48 
1.51 
1.54 
1.56 
1.56 

1.54 
1.54 
1.53 
1 . 53- 
1-54 
1.54 
1.54 
1.53 
1.54 
1-53 
1.51 
1.51 
1.47 
1.46 
1.46 
1.46 
1.47 
1.46 
1.46 
1.47 
1.45 

061502 

1.50 
1.53 
1.52 
1.52 
1.52 

1.54 
1.53 
1.53 
1.53 
1.53 
1-53 
1.53 
1-53 
1-53 
1.53 
1.53 
1.51 
1.49 
1.48 
1.48 
1.46 
1.48 
1.47 
1.46 
1.47 
1.46 

TABLE IIb 

Continuous Charge C e l l  D a t a  

Voltage (3) 

061503 

1.50 
1.54 
1.56 
1-56 
1.56 

1.54 
1.54 
1.54 
1.53 
1.54 
1.54 
1-54 
1.54 
1.54 
1.53 
1.52 
1-51 
1.49 
1.46 
1.46 
1.45 
1.46 
1.46 
1.45 
1.46 
1.45 

061504 

1-51 
1.51 
1.50 
1- 50 
1.53 

1.54 
1-53 
1-53 
1.53 
1.53 
1.53 
1.54 
1.54 
1.55 
1.53 
1.53 
1.51 
1.50 
1.47 
1.47 
1.46 
1.47 
1-47 
1.46 
1.47 
1.46 

061505 

1.72 
1.60 
1.58 
1-56 
1.56 

1.55 
1-54 
1.54 
1.54 
1.53 
1.54 
1.54 
1.54 
1.55 
1-54 
1-54 
1.54 
1.54 
1.63 
1.64 
1.65 
1.66 
1-65 
1.64 
1.66 
1.64 

061506 

1.50 
1.49 
1.48 
1.48 
1.48 

1.49 
1.48 
1.51 
1.53 
1-54 
1.53 
1.54 
1.54 
1.55 
1.56 
1.65 
1.68 
1.69 
1.65 
1.65 
1.64 
1.66 
1.63 
1.63 
1.65 
1.63 

C h a r c i e  (4) 

60 
30 
16 
6 
4 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
1.5 
1 
1 
1 
1 
1 
1 
1 
1 

(3) V o l t s / c e l l  using 1000 ohms/volt m e t e r .  

(4) Charge cur ren t ,  m i l l i a m p e r e s .  
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same material u s e d  previously, i.e. a nickel w i r e  m e s h  coated 
w i t h  a t h in  layer of electrode ca t a lys t  containing platinum metals, 
p lus  a nickel powder electron col lector  and Teflon binder. The 
dimensions of the auxi l iary electrode are the same as the d i m -  
ensions of the YS-5 electrodes. The auxi l iary electrode is  
placed against one of the two end cadmium electrodes w i t h  a 
Pellon 2505w Nylon separator between the two. 
the auxi l iary electrode is separated about 3/16 inch from the 
c e l l  case by a piece of polyethylene g r id  (Vexar P l a s t i c  Netting, 
V e x a r  Division, E. I, du Pont de Nemours, Buffalo, N. Y, diamond 
pa t te rn  4/4-30-90-PE-3) . 
case has been provided t o  serve as e lec t ro ly te  storage during 
cycling operation: wicks of Nylon- separator were placed t o  
extend from the bottom of the or ig ina l  c e l l  separators t o  the 
bottom of the reservoir.  The tes t  c e l l s  are  potted i n  1 inch 
of epoxy and are f i t t e d  w i t h  a pressure connection t o  a pressure 
transducer. 

The gas side of 

An additional 1/4 inch length of c e l l  

A toggle valve is provided t o  permit connection of 
the gas system t o  external gas pumps o r  analysis equipment as 
desired. 

The  tes t  cells w e r e  formedby completely f i l l i n g  the c e l l  w i t h  
30% potassium hydroxide and allowing a 24 t o  48 hour soak period 
t o  equi l ibra te  the  separators, then charging for  20 hours a t  
300 ma .  constant current. The e lec t ro ly te  leve l  w a s  then 
ad jus t ed  so that  the bottom of  the electrode pack w a s  immersed 
i n  1/8 inch of e lec t ro ly te .  
amperes t o  a 1.0 v o l t  c u t  off. 
end of discharge was about 1/8 inch deep i n  the reservoir! t h i s  
assures t h a t  the electrode pack separators a re  always w e t t e d .  

These c e l l s  w e r e  cycled a t  t he  following rate:  

The c e l l  w a s  discharged a t  2.5 
The e lec t ro ly te  leve l  a t  the 

Discharge - 1/2 hour  a t  2.5 amperes 
Charge - 11-1/2 hours a t  0.12 amperes 

During th i s  cycling, c e l l  potent ia ls ,  auxi l iary electrode 
versus cadmium voltage and the pressure, and auxi l iary electrode 
current  w e r e  a lso recorded. 
the  cycling equipment f a i l ed  and the c e l l s  w e r e  discharged 
several  t i m e s  without charging. This produced gassing within 
the ce l l s .  
cycled the l a s t  month. The  capacity of these c e l l s  w i l l  now 
be determined and further cycling w i l l  be continued w i t h  the 
t h i r d  electrode properly hooked up i n  the c e l l .  

During the preliminary cycling, 

The equipment was repaired and the c e l l s  have been 
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2.2 Silver-Zinc C e l l s  

This task i s  concerned w i t h  obtaining design data on the 
s u i t a b i l i t y  of various auxiliary electrode compositions for  the  
hydrogen and oxygen recombination. Factors which w i l l  be 
evaluated are: recombination of oxygen and hydrogen a t  various 
leve ls  of gas pressure, e f fec t  of auxi l iary electrode material 
on self-discharge on zinc electrodes, and the effect of s i l v e r  
and zinc ions on the r a t e  of recombination. 

Several types of auxi l iary electrodes w e r e  used i n  these 
experiments. For oxygen recombination, the following types 
were used: 

Si lver  mesh - Expanded s i lver  metal mesh (AG-079-2) manu- 
factured by Designers Metal Corporation. 

Si lver  Powder - Handy and Harmon Si l f lake  131 s i l v e r  powder 
pressed on a s i l v e r  screen in to  sheets with Teflon as a 
waterproofing and binding agent. 

S i lver  spinel - Handy and Harmon Si l f lake  131 s i l v e r  powder 
and a spinel s t r u c t u r e  cobalt aluminate pressed on a s i l v e r  
screen i n t o  sheets with Teflon as  a waterproofing and 
binding agent. 

For hydrogen recombination, the following types w e r e  used: 

Conventinnal - A mixture of nickel ,  platinum and palladium 
pressed in to  sheets on a nickel m e s h  with Teflon as  a w a t e r -  
proofing and binding agent. 

Silver-Modified Conventional - A mixture of silver-platinum 
and palladium pressed i n t o  sheets on a s i l v e r  mesh with 
Teflon as a waterproofing and binding agent. This electrode 
i s  similar t o  the one described above except t h a t  s i l v e r  i s  
used i n  place of nickel.  

2 . 2.1. Self-discharse of  Zinc Electrodes 

The composition of conventional auxi l iary electrodes for  
oxygen recombination was found t o  be unsatisfactory for t h i s  
function i n  si lver-zinc ce l l s .  The platinum contained i n  these 
electrodes promotes a rapid discharge w i t h  the  zinc electrode 
e l e c t r i c a l l y  connected through a load r e s i s to r .  

- 10 - 



* The s i l v e r  mesh, s i l v e r  powder, and s i l v e r  spinel electrodes 
(electrode are  14 cm2) were connected t o  a zinc electrode from 
a three ampere hour Yardney s i lve r  zinc c e l l  (Model PM-3) and 
the current through a 1 ohm load measured. The gas formed was 
col lected a t  the same t i m e  i n  a gas bur re t te .  The data for  
the three types of electrodes i s  shown i n  T a b l e  111. It w a s  
found t h a t  the s i l v e r  mesh does not discharge the zinc electrodes. 
However, the  s i l v e r  powder and the s i l v e r  spinel  electrodes when 
connected t o  the zinc electrode discharge it a t  a rapid ra te .  

The non-linear res is tance of the diode may be u s e d  t o  block 
self-discharge current b u t  permit the passage of the recombination 
current. Such a procedure i s  described i n  Patent No. 3080440 
by P. Ruetschi of the Electr ic  Storage Battery Company. By 
proper choice of diode, it should be possible t o  use an auxiliary 
electrode so t h a t  the self-discharge current w i l l  be i n  the 
micro-ampere range a t  a potential  of half  a v o l t ,  while the 
current would be i n  the  ampere range t o  near a vo l t  when the 
voltage climbed due t o  the recombination potent ia l .  

was connected t o  the zinc electrode through 1N457 and 1N198 diodes. 
The data with these diodes i s  presented i n  T a b l e  111. With this 
procedure, l i t t l e  gassing and discharge of zinc electrode would 
occur. However, when oxygen was introduced in to  the system, 
current  would pass through t h i s  diode, showing recombination of 
oxygen gas. B y  u s e  of a diode, it i s  possible t o  u s e  an auxi l iary 
electrode which connected d i rec t ly  would discharge the c e l l .  

To overcome the discharging problem, the s i l v e r  spinel electrode 

2.2.2.  Oxyqen Recombination Studies 

These s t u d i e s  are  being made with test  c e l l s  composed of 
auxi l iary electrodes of s i lver  m e s h ,  s i l v e r  powder and s i l v e r  
spinel  and either cadmium or nickel counter electrodes. During 
overcharging, the cadmium o r  nickel electrode generates oxygen 
which is  reacted a t  the auxiliary electrode. This procedure 
simulates the e f f e c t  of the oxygen cycle on c e l l  overcharge. 

In  the test, electrodes of the same cross-section as the  
electrodes of the Yardney (Model PM-3) 3 ampere-hour s i l v e r  
zinc c e l l s  are  used (electrode area 14 cm2). 
assembled i n  c e l l s  with nylon separators,  40%KOH e lec t ro ly t e  
added, the c e l l s  charged t o  complete the charge on the nickel 
hydroxide electrode, and purged with oxygen. The oxygen pressure 
w a s  adjusted t o  700, 100, 1 0 ,  and 0 millimeters of Hg. The c e l l s  
w e r e  then charged a t  1 2 . 5  milliamperes continuously for  48-72 
hours. A current of 12.5 milliamperes represents a C/20 charge 
rate. This procedure w a s  repeated for  25 milliamperes and 
50 milliamperes. 

The electrodes w e r e  
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A t  12.5 milliamperes, electrodes of s i l v e r  mesh and s i lve r  
powder did not recombine gas a t  a r a t e  rapid enough t o  keep 
the pressure i n  the system from r is ing.  With a s i l v e r  spinel 
e lectrode,  no pressure buildup occurred except a t  the  50 m i l l i -  
ampere rate but not a t  a very rapid r a t e .  A t  the  end of the 
t e s t ,  the  pressure i n  the  system would drop, presumably due t o  
adsorption of oxygen by the spinel electrodes. These r e s u l t s  
indicate  that  these spinel electrodes may be used for  oxygen 
reconhination t o  a charging ra te  of a t  least  C/10. 

2.2.3. Hydroqen Recombination Studies 

Conventional fuel c e l l  hydrogen electrodes and s i l v e r  modified 
f u e l  c e l l  hydrogen electrodes were used i n  a manner analogous 
t o  the one described i n  the previous section t o  prove t h e i r  
effectiveness i n  hydrogen recombination. However, due t o  the 
i n a b i l i t y  t o  obtain proper catalyst  a c t i v i t y ,  the r e s u l t s  
obtained with these electrodes w e r e  not conclusive. 

These electrode materials had previously worked very satis- 
f ac to r i ly  on hydrogen recombination on both fuel c e l l s  and 
ba t t e r i e s .  For this reason, it i s  believed t h a t  the f a i lu re  
of t he  c e l l s  i s  due t o  ca ta lys t  i nac t iv i ty  ra ther  than improper 
electrode mechanism. These t e s t s  w i l l  be re-run i n  the  next 
quarter with new electrodes. 

2 . 3 Hydroqen Combination C e l l  

The objective of this  task i s  t o  assess the f e a s i b i l i t y  of 
the electrochemically combining hydrogen evolved from s i lver -  
zinc satel l i te  primary power supply system. The nominal 
combination capacity i s  t o  be 200 cc H2/hour. This function 
i s  presently performed by absorption of hydrogen on palladium 
o r  venting. The primary goal i s  t o  reduce the weight of the 
system. The absorption capacity of palladium a t  ambient 
temperature and 1 atmosphere p a r t i a l  pressure of hydrogen i s  
approximately l g  H2/177g Pd. 

Copper I1 oxide appears t o  be an a t t r a c t i v e  cathode material 
from the  standpoint of the electrochemical r eac t iv i ty  and m a s s  
equivalent weight. The equivalent weight of copper I1 oxide 
i s  40 g/lg hydrogen. 

T e s t  c e l l s  using commercially available copper oxide electrodes 
(McGraw-Edison Alkaline Battery Division) and two types of 
hydrogen electrodes were made and t e s t ed  over a range of current 
densi t ies .  The hydrogen electrodes w e r e :  (1) auxi l iary type 
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electrodes using platinum ca ta lys t s  and ( 2 )  various thicknesses 
of ro l l ed  palladium-silver alloy sheets. The c e l l s  used i n  t h i s  
work had a hydrogen electrode area of 6.25 i n2  and copper oxide 
electrodes of the same area weighing 90 grams. 

The palladium-silver a l loy  1 m i l  thick hydrogen electrode 
produced a current of 1 milliampere a t  0 .1  vol ts .  Thicker 
electrodes (4 mils thick) produced no m e a s u r a b l e  current. 
When thinner material w a s  used (0.2 m i l ,  0.1 m i l )  the  current 
produced by the c e l l  was much lower. This data i s  shown on 
Figure I. It is ,  therefore,  believed that  the high current 
obtained with the first c e l l  w a s  not charac te r i s t ic  of the 
electrode material b u t  due to  some irregularities i n  the  
electrode material ,  such as f i s s u r e s  o r  pin holes. From the 
r e s u l t s  obtained, it was decided t h a t  the  palladium-silver 
a l loy  i s  not a prac t ica l  electrode material. 

Some conventional electrodes containing nickel ,  platinum and 
palladium w e r e  t r i e d  as hydrogen electrodes. The current 
obtained with these electrodes was i n  the range of 10 m i l l i -  
amperes a t  0.4 volts .  The r e su l t s  with these electrodes are 
shown on Figure 11. From the r e s u l t s ,  it may be seen that 
the conventional electrode material i s  p rac t i ca l  for  this use .  

One of the d i f f i c u l t i e s  w i t h  t h i s  ce l l  construction i s  t h a t  
the auxi l iary type of hydrogen electrode leaks electrolyte .  
This loss of e lec t ro ly te  could r e s u l t  i n  subsequent f a i l u r e  
of the c e l l .  To prevent t h i s  e lec t ro ly te  loss, polyethylene 
film 1 m i l  th ick w a s  placed approximately 1/4" from the 
hydrogen electrode. In  this manner, the e lec t ro ly te  i s  
restrained i n  the c e l l  volume. A s  shown i n  Figure 11, the 
membrane did not a f f ec t  the  c e l l  operation, since the poly- 
ethylene film i s  very permeable t o  hydrogen. 

An additional benef i t  of t h i s  c e l l  seems t o  be the f a c t  t h a t  
it i s  also capable of recombining oxygen; t h i s  c e l l  can operate 
i n  an a i r  atmosphere. The action seems t o  be the reverse of 
the one fo r  hydrogen recombination: 

O2 + 2 H 2 0  + 4 e --> 40H- 

2Cu + 40H- .-7 2CuO + 2H20 + 4 e 

One of the above c e l l s  w a s  sent  t o  NASA-Goddard fo r  further 
evaluation. Another of these c e l l s  i s  being tes ted  continually 
t o  determine i t s  long-term operation charac te r i s t ics .  

- 14 - 



c 

W 
d 

0 

-0 - g L  0 

! 

I 

f 

i 
15 

m 
a, 
k 
a, 

2 
cd 
.A 

N 0 
0 

0 



c 

c 
T 

\ 

a 
S 

f 
.r 

M 
rn 
Qm 

-4 

X 

/ 

J 
C 

0 0 0 0 0 0 0 0 

' 6  

0 
Lo 

0 * 

0 
M 

W 
H 

a, 
k 
7 
M 
iz 



c 

3.0 PROGRAM FOR NEXT QUARTER 

Testing of the silver-cadmium c e l l s  i n  the continuous overcharge 
and cyc l ic  modes w i l l  be continued. 

Additional design data Eor auxi l iary electrodes for recombining 
hydrogen and oxygen i s  silver-zinc c e l l s  w i l l  be obtained. Silver- 
zinc test c e l l s  containing these auxi l iary electrodes w i l l  be 
constructed and tested.  

Testing of the copper oxide-hydrogen combination c e l l  w i l l  
be continued. 
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